pidemiologic studies have demonstrated a rising incidence of childhood onset inflammatory bowel disease (IBD) and as such, the transition of care from pediatric to adult gastroenterology (GI) is becoming an increasingly common clinical challenge for patients, families, and health care providers alike. 1, 2 The phenotype of early onset IBD differs from that of its adult-onset counterpart, characterized by more extensive and inflammatory disease. 3 Added to this, the psychosocial and developmental complexities of adolescence and the differences between pediatric and adult health care delivery combine to make this a challenging period. Despite this, there has been a relative paucity in evidence-based methods to transition teens with IBD to adult care.
Referral to an adult academic center with access to highquality specialized multidisciplinary IBD-focused care and with sufficient volume-based experience pertaining to Pediatric onset IBD (PO-IBD) may play an important role in optimizing health care outcomes for this high-risk subpopulation. This model of health care delivery contrasts from that delivered by community health care providers who commonly practice in single-provider environments and who may not experience similar volumes of this unique patient group.
Although there exists a number of childhood onset chronic diseases, research pertaining to transitional care is limited. Relatively more attention has been paid to transitional issues in congenital heart disease, cystic fibrosis, and type 1 diabetes mellitus, whereas childhood obesity, HIV, palliative care, oncology, liver transplantation, eating disorders, and other endocrine-related disorders have yet to be adequately addressed. Overall, there has been a concentration on patient and provider important outcomes with mainly descriptive and qualitative outcomes reported. Because of the relative dearth of objective outcome-based transition research, especially in the area of health resource utilization, recommendations from expert groups have been primarily consensus based. 4 IBD-related emergent health resource utilization likely reflects poor disease control and/or poor psychosocial coping in the context of chronic disease. This is an expensive form of health care delivery, particularly for nonurgent health issues 5 and represents a suboptimal form of IBD care given its fragmented nature. There is a paucity of knowledge regarding models of care and their impact on emergent health resource utilization in adolescents and young adults with PO-IBD.
PURPOSE
The purpose of this study was to determine the impact of adult health care model (i.e., academic versus community) on emergent health resource utilization in patients with PO-IBD.
PRIMARY OUTCOME
The primary outcome of this study was the occurrence of adult IBD-related emergency department (ED) visits in patients with PO-IBD in the first 2 years of posttransfer care.
SECONDARY OUTCOMES
Secondary outcomes evaluated additional indicators of health care utilization. These included emergent and urgent hospitalizations; days admitted in hospital; emergent and urgent surgeries; ambulatory health care visits (with a gastroenterologist, general internist, and/or family physician, total ambulatory visits; endoscopic procedures [flexible sigmoidoscopy, colonoscopy, total endoscopic procedures]); radiological procedures (computed tomography, magnetic resonance imaging, ultrasound); and proportion of total posttransfer ED visits resulting in admission.
Indicators evaluating differences in health resource utilization in the posttransfer period compared with the pretransfer period included: difference in hospitalizations; difference in ED visits; difference in ED visits resulting in admission; difference in GI ambulatory visits; difference in total ambulatory visits.
METHODOLOGY Study Design and Setting
This was a population-based retrospective cohort study using health care administrative data from Ontario, Canada. The accrual period extended from April 1, 1994 to March 31, 2013. The observation period extended to March 31, 2015 (the administrative end of the study).
Ontario is Canada's most populous province reporting 13,678,700 residents in 2014. 6 The government of Ontario administers publicly funded health care services to all legal residents through the Ontario Health Insurance Plan (OHIP). Provincial health administrative data are managed by the Institute for Clinical Evaluative Sciences (ICES) and provides a rare opportunity to study complex health issues at a population level.
Included patients were observed for 2 years before their last IBD-related ambulatory pediatric health care visit ("pretransfer period") to establish their baseline pattern of health resource utilization. The period extending between their last pediatric IBD ambulatory visit and their first adult IBD-related ambulatory visit occurring at age $18 was called as the "transfer of care period." During this period, the patients were not actively cared for by a gastroenterologist. Patients were categorized as receiving adult IBD-related ambulatory care in an academic versus community setting. A third comparator group, "lost to adult GI follow-up," was also included and consisted of patients with PO-IBD who never saw an adult gastroenterologist within the study period. Outcomes were measured from the time of the first adult IBDrelated ambulatory visit onward for 2 years ("posttransfer period"). In the lost to follow-up group, the posttransfer period was empirically set to 3 years after the last pediatric ambulatory IBD visit, assuming a maximum transfer of care period of 1 year.
This study was approved by the institutional research ethics boards of Mount Sinai Hospital and Sunnybrook Health Sciences Center, Toronto, Canada.
Exposure Assessment and Classification
Adult health care providers were divided into community gastroenterologists (i.e., not working at a university-associated tertiary care center) versus academic gastroenterologists. A third comparator group, lost to adult GI follow-up, included patients never seen by an adult gastroenterologist for an IBD-related reason during the study period. This categorization served as our primary exposure variable.
Academic gastroenterologists within Ontario, practicing within the study period, were identified using university published faculty lists and cross-referenced using senior faculty within each academic division of GI in Ontario to ensure completeness and accuracy. All other gastroenterologists practicing within Ontario were considered community-based.
For patients to be assigned to either an academic or community model for their IBD care, their first visit with an adult gastroenterologist (and the corresponding community versus academic designation of the gastroenterologist providing care during that visit) was used.
Study Participants

Inclusion Criteria
Patients presenting within the Ontario Crohn's and Colitis Cohort (OCCC), an ICES-derived data set, between April 1, 1994, and March 31, 2014, were eligible for inclusion. Those patients diagnosed with IBD at 16 years of age and younger were considered (i.e., pediatric onset IBD with at least 2 consecutive years of pediatric GI follow-up). Patients must have been seen by an adult gastroenterologist for an IBD-related reason at 18 years of age and older to be classified as "academic" or "community." The first adult IBD-related GI encounter must have occurred before April 1, 2013 (to allow for 2 consecutive years of adult GI follow-up before the administrative end of the study).
Exclusion Criteria
Patients who underwent a colectomy before their first adult IBD-related ambulatory visit with a gastroenterologist were excluded given the health resource utilization pattern of this population would most often reflect markedly less or no disease burden (Figure 1 ).
Data Sources
The ICES data sources used in this study included the OCCC, OHIP, Canadian Institute for Health Information (CIHI) -Discharge Abstract Database (DAD), Emergency Room CLAIM (ERCLAIM), Registered Persons Database (RPD), and ICES Physician Database (IPDB). 7 The OCCC is an ICES data-derived cohort created using validated algorithms of health care contacts to identify patients as having IBD or not. It contains all patients in Ontario who have been diagnosed with Crohn's disease (CD) or ulcerative colitis (UC) aged 0 to 105 years. Although this cohort contains patients diagnosed since 1991 (the start of the OHIP database), incident data begins in 1994 because of a previously validated 3-year look back period. 1 The OCCC is re-created yearly using OHIP, CIHI (DAD, Same Day Surgery, National Ambulatory Care Reporting Service), and RPDB data. The most recent version at the time of this study was the OCCC 2013. Its diagnostic algorithms have been previously validated using a chart abstraction study yielding the following results-sensitivity 89.6% to 91.1%, specificity 99.5% to 100%, positive predictive value 59.2% to 76.0%, and negative predictive value 99.9% to 100%. 1, 8 Demographic variables were obtained from the RPD and OCCC databases and included birth date, vital status, and sex.
Clinical characteristics were also obtained including diagnosis (CD versus UC, incident versus latest), age at diagnosis. The rurality of each patient's residential postal code was based on the rurality index for Ontario. In addition, a validated algorithm based on the diagnoses assigned to the last 7 outpatient visits distinguished patients with CD from patients with UC with a sensitivity of 95.1%, a specificity of 86.0%, a positive predictive value of 92.0%, and a negative predictive value of 91.2%.
Academic gastroenterologists practicing in Ontario during the study period were identified as previously described. All practicing physicians within Ontario are licensed and regulated through the College of Physicians and Surgeons of Ontario (CPSO). The CPSO license number was identified for all academic gastroenterologists using a publicly available CPSO physician registry. 2 Encrypted CPSO numbers formed the basis of linkage to the IPDB and other ICES databases to classify ambulatory health care visits as academic versus community.
Outcome Assessment and Classification
Health care encounters associated with an IBD-related ICD-9 or 10 diagnostic code were identified. Specifically, these encounters were attached to a diagnostic code for CD, UC, IBDU or signs and symptoms compatible with IBD in a patient with a preexisting diagnosis of IBD (e.g., abdominal pain). The administrative coding for IBD within the CIHI-DAD has been previously validated. 9 IBD-related ED visits were identified through the ER-CLAIM database. IBD-related emergent and urgent hospitalizations and surgeries were identified in the CIHI-DAD and OHIP. IBD-related ambulatory visits, radiological procedures and endoscopic procedures were identified using OHIP.
Statistical Analysis
Data analyses were performed using SAS v9.4 (Cary, NC). Health resource utilization was compared between patients transferred to an academic adult gastroenterologist versus those transferred to an adult community health care provider. A third comparator group consisted of patients lost to follow-up. Health care utilization in the posttransfer period (beginning with the first ambulatory health care visit) was analyzed.
Patients who received suboptimal adult care follow-up were identified as patients with a transfer of care period .1 year.
P values were considered statistically significant if ,0.05. Categorical variables were reported as frequencies and percentages and compared using chi-square tests. Comparisons for continuous variables were performed using nonparametric t-tests. A Mann-Whitney test was used to analyze differences in count variables.
Primary Analysis
Univariable statistics were performed for all outcome variables.
Regression Statistics
Regression statistics were performed for the main purpose of evaluating the association between posttransfer setting and FIGURE 1. Flowchart representation of the selection of subjects for study inclusion. GI, gastroenterologist; OCCC, Ontario Crohn's and Colitis Cohort. emergent health resource utilization while accounting for the influence of confounders and effect modifiers. An a priori method of variable selection was used for regression modeling given that this was an epidemiological study. The method of selection was based on clinical relevance to the research question. Model validation, in this setting, was not possible.
Multivariable linear regression modeling was used to determine the impact of exposure on difference in GI ambulatory visits and ED visits between the posttransfer and pretransfer periods.
For the primary outcome, posttransfer adult ED visits, multivariable negative binomial regression modeling was used.
To account for selection bias, adjustments within the multivariable regression analyses were made. Surrogate markers for increased disease activity and/or severity were included: ED visitation in the pretransfer period, surgery within the pretransfer period, hospitalization in the pretransfer period, .12 ambulatory visits in the pretransfer period, transfer of care period ED visit, transfer of care period hospitalization, transfer of care period surgery, and duration of transfer period (.1 year). Finally, age of diagnosis was included as a separate variable given data to suggest that very early onset IBD (i.e., IBD diagnosed before the age of 6) is associated with a unique health resource utilization pattern. 10 Other covariates included within the regression models were sex, rurality of the residential postal code, incident IBD diagnosis, and latest IBD diagnosis.
RESULTS
A total of 2,043 subjects were found to meet study inclusion criteria. See Table 1 for demographic and clinical characteristics according to exposure assignment. Overall, the mean age at diagnosis was significantly younger in the lost to adult GI follow-up group. There were also significantly fewer female patients within this same group compared with significantly more females in the academic group. There were significantly more patients with CD transferred to the academic setting and significantly fewer patients with CD lost to adult GI follow-up. There were significantly fewer patients with IBD with urban residential addresses that were lost to adult GI follow-up.
Pretransfer health resource utilization was characterized among the study population and shown in Table 2 . There were significantly fewer pediatric ED visits and endoscopic procedures in the lost to follow-up group. There were significantly fewer ambulatory pediatric visits in the community group. Table 3 shows the results of univariable analyses performed specific to the primary outcome of emergent health resource utilization in the posttransfer period. There was no significant difference in the number of ED visits occurring in the posttransfer period. There were significantly fewer ED visits occurring in the posttransfer period compared with the pretransfer period among the community group and lost to adult GI follow-up group. There were no significant differences in the number of ED visits resulting in admission. There was no significant difference in the proportion of total posttransfer ED visits resulting in admission.
Age of diagnosis was separated into categories (,10 [i.e., early onset IBD], 10 to 14, 15 to 16, 17 [i.e., final year of pediatric care]), and the impact on posttransfer ED use was evaluated. The mean (SD) number of posttransfer ED visits among these groups were as follows: 1.5 (0.8); 1.8 (1.1); 1.9 (1.3); 2.3 (1.8), P ¼ 0.04. This indicates that patients with a diagnosis in late adolescence, specifically in the year preceding transfer of care, are particularly prone to ED use.
A similar analysis was performed to investigate the role of IBD diagnosis (CD versus UC versus IBDU) yielding no observable difference in posttransfer ED visits. However, evaluating the difference in ED visits between the posttransfer and pretransfer periods showed a significant reduction in both the UC and IBDU groups compared with the CD group. The mean (SD) results for each group were as follows: CD 0.09 (3.0); UC 20.6 (3.1); IBDU 20.4 (2.7), P ¼ 0.0001.
The univariable analysis of ambulatory visits in this cohort revealed that there were marginally more GI visits in the academic group. As determined by its definition, there were no ambulatory GI visits in the posttransfer period among the loss to follow-up group. There were significantly more general internal medicine visits and fewer GP visits and overall fewer total ambulatory visits in the lost to adult follow-up group. There were significantly more total ambulatory visits in the posttransfer period for both the community and academic groups compared with the lost to adult GI follow-up group. There was no significant difference in the number of posttransfer admissions. There was no significant difference in the length of stay in hospital or in the difference in hospitalizations between the pretransfer and posttransfer periods.
There were no posttransfer IBD-related operative procedures. There were no significant differences in the number of colonoscopies, flexible sigmoidoscopies, or total endoscopic procedures between exposure groups.
There were no significant differences found in the number of computed tomography, magnetic resonance imaging, ultrasound diagnostic procedures performed in the posttransfer period (Table 4) .
Multivariable Linear Regression
Using multivariable linear regression modeling, the difference in ED visits in the posttransfer period compared with the pretransfer period was evaluated. The community group was used as the reference standard. Academic status was a significant predictor of the difference in ED utilization. Other significant covariates included age of diagnosis, rural residential postal code, pretransfer ED visit, .12 pretransfer ambulatory visits (Table 5) . A similar analysis examining the difference in GI visits in the posttransfer period compared with the pretransfer period was performed. There was no significant difference with the academic group. As expected, there were significantly fewer posttransfer visits in the lost to follow-up group. Other significant predictor variables within this model included: ED visit in the pretransfer period, .12 ambulatory visits in the pretransfer period, and prolonged transfer period (Table 6 ).
Multivariable Negative Binomial Logistic Regression
Exposure category was not a significant predictor of posttransfer ED visits. Predictor variables that were significant included sex, age of diagnosis, latest IBD diagnosis, rurality of residential address, ED visit in the pretransfer period, ED visit in the transfer of care period (Table 6 ).
DISCUSSION
This study was designed to evaluate the impact of posttransfer health care setting on emergent health resource utilization in patients with PO-IBD. Overall, there were no significant differences found in ED use, hospitalizations, surgery, ambulatory care visits (aside from the expected drop in the lost to follow-up group), endoscopic procedures, or radiological procedures between exposure groups.
In line with this interpretation, an analysis of what factors were considered when choosing posttransfer destination is important. Whatever the strategy being used, it seems effective in risk stratification and appropriate allocation to academic versus community adult GI practices as evidenced by similar emergent health resource utilization patterns in both settings. When we evaluate patterns of pretransfer health resource utilization among the study groups, it is interesting to note that the community group has relatively fewer ambulatory visits in the pretransfer period. This likely indicates a less aggressive disease phenotype. The lost to follow-up group already shows evidence of maladaptive health resource utilization in the pretransfer period with more ED visits that result in "treat and release."
The results of this study were similar to the results of a similar analysis published by Cohen et al. 11 Using populationlevel data from Ontario, Canada, these authors evaluated health care use during the transfer to adult care among a group of chronic childhood onset diseases. IBD was part of a group characterized as "noncomplex" chronic conditions. This group was believed to affect a single organ system and also included congenital heart disease, diabetes, and asthma. In this study, 104,496 subjects were identified, of which 860 were diagnosed with IBD. Overall, the investigators identified similar mortality, health care use, and costs to the health care system over the transfer period. Although this study does not focus specifically on IBD nor does it explore the differences in models of adult posttransfer care, it does reaffirm our study findings that short-term clinical outcomes remain stable.
A separate study, evaluating health resource utilization outcomes during the transition period in patients with IBD did find increased ED use, ambulatory care visits, and laboratory testing. 12 Several differences could account for these discrepant results. A much smaller cohort of 536 patients was included in their study. A self-controlled case series analysis was used allowing each patient to serve as their own control and therefore accounting for individual characteristics that could serve as potential confounders. A 6-months wash-out period between transfer of care was used, assuming that events occurring during this period were secondary to pediatric care rather than the transitional environment. Our study evaluated a community model of care that included IBD-related care provided by a gastroenterologists, general internists, family physicians, or general surgeons. Xinbei et al, only included patients receiving IBD-related care from a gastroenterologist or general internist who performed .100 colonoscopies. This is an important difference because it likely excluded more stable patients who may not seek specialty level care early in the posttransfer period. Finally, our study looked to evaluate the impact of posttransfer destination, not just the impact of proceeding through transition of care. This is an important subtlety in the analysis and interpretation of results.
Interestingly, the age of diagnosis is an important consideration in an eventual formalized strategy for directing referrals to either academic or community settings. A separate analysis was A relatively large lost to adult GI follow-up group was identified and was characterized by being younger at the age of diagnosis, predominantly male with slightly more UC and more urban residential representation. The academic group, by contrast, was characterized by more female CD representation. These findings present the possibility of a quality improvement initiative for both pediatric and adult care providers in terms of targeting patients at risk to loss to follow-up. It has already been well acknowledged that the potentially deficient emotional and cognitive skill set in the transition-aged population affects adherence rates, especially during periods of remission. 13 To further clarify the difference in outcomes between the 2 exposure groups, a second analysis was run with the loss to followup group excluded from the univariable analyses. There was no change to the primary outcome of ED visits in the posttransfer period. There was no change to the secondary outcomes in the posttransfer period except for hospitalizations and total radiologic procedures. There were fewer admissions, shorter length of stays, and a smaller difference in admissions between the posttransfer period and pretransfer period for the community group. There were fewer total radiological procedures ordered in the community. These differences may reflect the expected milder disease phenotype transferred to the community setting.
Given that a pretransfer IBD-related operative procedure may result in markedly reduced disease activity in the postoperative period, a sensitivity analysis was conducted whereby patients with a pretransfer operative procedure were removed from the multivariable logistic regression model for posttransfer ED visits. This made no difference to the overall results.
The main strength of this study was its large sample size and ability to study a very specific population (PO-IBD transitioning to adult care) at a population level. In addition, the ability to study these patients' provincial usage of health resources allowed more complete data collection and allowed the inclusion of patients accessing resources in a variety of different health care settings. Finally, this is a unique research question that focuses on optimizing health care delivery for a vulnerable chronic disease population. In a health care era plagued by economic constraints, ensuring positive health care outcomes using the most cost efficient health care delivery formats is a priority. This study can be used to advocate for streamlining referrals of the highest-risk transition patients toward the academic setting given that based on our interpretation of this data, their health care outcomes ultimately mirror that of their likely lower risk community counterparts when provided with this more comprehensive model. In addition, this study argues for the timely transfer of patients at high risk for loss to follow-up. Although at first glance, this may be interpreted as a negative study, it is important to consider that a main limitation of administrative health care outcome research is the inability to accurately assess and account for disease activity and severity that can be a major contributing factor in posttransfer destination. However, based on clinical experience and knowledge of the IBD transition process, it is anticipated that the more complex and active transition patients likely move to the academic setting in part because of the IBD-related expertise available and multidisciplinary resources. Therefore, one would anticipate that emergent health resource utilization would be higher in this population. This study did not show a significant increase among the academic exposure group. This could be interpreted in terms of the academic care team providing effective care that perhaps prevented this.
Perhaps the biggest limitation of this study, which must be taken into account in its interpretation, is the selection bias involved in choice of posttransfer destination. Severe and active IBD likely results in transfer to an adult academic center and increases posttransfer emergent health resource utilization. The following surrogates for increased disease activity/severity were used as adjustments within the multivariable regression models to account for this: $1 pretransfer IBD-related ER visit, $1 pretransfer IBDrelated hospitalization, $12 pretransfer IBD-related ambulatory visits, and pretransfer IBD-related surgery. These same variables applied to the transfer of care period as well as prolonged transfer period, served as additional confounders that were controlled for. Despite these efforts, we expect that there is residual selection bias in these results. However, this would have resulted in a trend toward greater emergent health services utilization in the academic transfer group, a finding that was not observed in our study.
An additional limitation involves potential misclassification of exposure group. Our current definition assumes a level of homogeneity within each posttransfer destination group-i.e., academic versus community. However, from clinical experience, this is almost certainly not true. This bias is most probably differential with academic practice setting displaying comparatively more heterogeneity. Specifically, academic exposure in this study assumes a level of IBD-focused expertise and access to IBD-focused multidisciplinary and multispecialty resources. However, some academic gastroenterologists may focus on alternate niche areas within GI and have limited knowledge and experience with IBD.
Additional factors influencing the use of emergent care were not assessed in this study, mostly related to limitations associated with the use of an administrative database. These factors include, but are not limited to socioeconomic status, smoking rates, prompt access to the attending gastroenterologist, access to multidisciplinary care, availability of telemedicine, availability of telephone/email contact with their physician.
With regard to outcome measurement, it is possible that emergent health resource utilization may not be a sensitive outcome for detecting adverse outcomes in transitional care. There may be other patient or provider specific outcomes that
